ABSTRACT Cell surface glycoprotein structures of human leukemic cell lines blocked at various stages of myeloid (granulocyte-monocyte) differentiation and maturation were characterized. Cell lines representing early stages of differentiation and maturation such as KGla, KG1 and those representing later stages such as ML-1-3 and HL-60 were found to express discretely different sets of cell surface glycoproteins. The proteins (such as Gpl30) present on mature granulocytes appear only in cell lines representing later stages of maturation. The quantity and structure of the carbohydrate chains susceptible to endo-p-galactosidase ("lactosaminoglycan") are also significantly different among cell lines. A small quantity of essentially unbranched lactosaminoglycan is present on KGla and KG1 cells, whereas a significant quantity of branched lactosaminoglycan is present on the more mature ML-1-3 and HL-60 cells. The process of myeloid maturation from promyeloblast to granulocyte is accompanied by the disappearance of the 105-and 95-kilodalton glycoproteins, the appearance of Gpl30, and a great increase in the quantity and branching structure of lactosaminoglycan. These results are discussed together with our previous findings on erythroid differentiation and maturation. Tumor cells reexpress fetal antigens that were expressed at an early stage ofdevelopment but suppressed during the progress of development and differentiation (for review, see ref.
ABSTRACT Cell surface glycoprotein structures of human leukemic cell lines blocked at various stages of myeloid (granulocyte-monocyte) differentiation and maturation were characterized. Cell lines representing early stages of differentiation and maturation such as KGla, KG1 and those representing later stages such as ML-1-3 and HL-60 were found to express discretely different sets of cell surface glycoproteins. The proteins (such as Gpl30) present on mature granulocytes appear only in cell lines representing later stages of maturation. The quantity and structure of the carbohydrate chains susceptible to endo-p-galactosidase ("lactosaminoglycan") are also significantly different among cell lines. A small quantity of essentially unbranched lactosaminoglycan is present on KGla and KG1 cells, whereas a significant quantity of branched lactosaminoglycan is present on the more mature ML-1-3 and HL-60 cells. The process of myeloid maturation from promyeloblast to granulocyte is accompanied by the disappearance of the 105-and 95-kilodalton glycoproteins, the appearance of Gpl30, and a great increase in the quantity and branching structure of lactosaminoglycan. These results are discussed together with our previous findings on erythroid differentiation and maturation. Tumor cells reexpress fetal antigens that were expressed at an early stage ofdevelopment but suppressed during the progress of development and differentiation (for review, see ref. 1). In the hematopoietic-lymphoid, gastrointestinal mucosal, and skin systems, the tissues continue to renew themselves in the adult. Tumor cells of these tissues express antigens that were expressed at an early stage ofnormal differentiation as is typically seen with the TL antigen (2) . Occasionally, tumor cells can be induced to at least phenotypically differentiate by inducing agents, as seen in Friend erythroleukemic cells (3), M-1 leukemic cells (4), HL-60 promyelocytic leukemic cells (5), neuroblastoma cells (6) , melanoma cells (7), and teratocarcinoma cells (8) . These observations suggest that tumor cells are derived from early stages of differentiation and, to some extent, represent a maturational arrest of the normal cell lineage (9) .
Cell surface glycoproteins may change and play important roles during the course ofdevelopment and differentiation. We have shown that each differentiation stage of human erythroid cells can be characterized by specific cell surface glycoprotein profiles and carbohydrate structures, by using the technique of cell surface labeling followed by endo-ftgalactosidase digestion, or by immunoprecipitation by specific antibodies (10) (11) (12) (13) . The membrane changes associated with myeloid cell maturation are not known, although high proliferation of immature granulocytes and monocytes are observed in the majority of myelocytic leukemia (14) .
In the present study, we (12, 18, 19) . Mature granulocytes were obtained by incubating HL-60 cells with 5 mM hypoxanthine for 6 days as described (20) . Mature granulocytes were also obtained from granulocyte colonies in soft-gel culture (11) . The granulocytes from both sources showed almost identical cell surface structure.
Cell Surface Labeling. Washed cells were first treated with 2 mM diisopropyl fluorophosphate in phosphate-buffered saline (10 mM sodium phosphate, pH 7.4/0.14 M NaCl/1 mM CaCl2/0.5 mM MgCl2, PJNaCl) to inactivate endogenous protease (21) (this treatment was suggested by J. Klock, University ofCalifornia, San Francisco). The sialic acid residues on the cell surface were labeled by periodate/NaB3H4 method (22) as described (10). Galactose and N-acetylgalactosamine residues on the cell surface were labeled by the galactose oxidase/NaB3H4 method (23) as modified (10) .
Treatment of the Surface-Labeled Cells by Endo-f-Galactosidase. The 3H-labeled cells were incubated with endo-,B-galactosidase from Escherichia freundii (24) purified by a new procedure (25) . Incubation was done with the enzyme at 125 milliunits/ml at 37°C for 2 hr in 0.02 M NaOAc, pH 5.8/0.14 M NaCl. After incubation, 1 ml of PJNaCl was added, and the mixture was centrifuged at 1000 X g for 5 min. The pellet thus obtained was used for analysis ofcell surface glycoproteins. The supernatant was centrifuged at 10,000 x g for 10 min, and the Abbreviations: Pj.NaCl, phosphate-buffered saline (10 mM sodium phosphate buffer, pH 7.4/0.14 M NaCVl1 mM CaCIdO.5 mM MgCI2).
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The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. Analysis of Cell Surface Glycoproteins. The cell pellet was dissolved in the PJNaCl/1 mM phenylmethylsulfonyl fluoride/ 0.5% Triton X-100 and the solution was centrifuged at 1000 x g for 10 min. The supernatant was then centrifuged at 10,000 x g for 10 min, if necessary, and lyophilized and dissolved in sample buffer. Cell surface glycoproteins were analyzed by NaDodSO4polyacrylamide gel electrophoresis according to Laemmli (26) , using 0.1% NaDodSOJ8% acrylamide for separation gels. For fluorography, the gels were treated with dimethyl sulfoxide/2,5-diphenyloxazole (27) . Molecular weights of glycoproteins were estimated by using standard proteins (New England Nuclear).
Immunoprecipitation. Immunoprecipitation was carried out by the addition of antiserum followed by the addition of Staphylococcus aureus suspension (11). Anti-KGla or anti-ML-1 serum was produced in rabbits by three intravenous injections of5 X 107 KGla or ML-1 cells in PJNaCl at intervals of 10 days.
The blood was taken 5 days after the third injection. Anti-acute myelogenous leukemia serum was raised in rabbits as described (28) . RESULTS [5] [6] [7] [8] is characterized by the presence of Gpll5, GplO5, and Gp95 as major components and the Gpll5 expresses lactosaminoglycan. The third group (ML-1-3 and HL-60, myeloblasts and promyelocytes; lanes 9-16) is characterized by the presence ofa broad band (Gpl60 or Gpl30) as the major glycoprotein and this glycoprotein is greatly susceptible to endo-(-galactosidase. After endo-3-galactosidase digestion, this glycoprotein gives rise to one major component (Gpl20) in ML cells and two components (Gpl20 and GpllS) in HL-60 cells (lanes 10, 12, 14, and 16). In mature granulocytes, Gpll5 is greatly decreased (lane 18). This change is particularly apparent if a small amount of sample is applied to the gel. Cell surface labeling by using galactose oxidase/NaB3H4 also discriminates these three groups: the first and second groups were hardly labeled by the galactose oxidase/NaB3H4 technique but the thrid group was significantly labeled by the same technique (data not shown). Therefore, cell surface glycoproteins were labeled by the periodate/NaB3H4 technique throughout this study.
Cell
In ML-1-3 cells, the major cell surface glycoproteins showed an unusually braod band of Mr 120,000-180,000. Part of this broadness is due to Schiff-base formation during labeling, which produces aldehyde before reduction with NaB H4 (see also ref. Fig. 4B , oligosaccharides of various molecular weights were produced from adult erythrocytes, whereas fetal erythrocytes (Fig. 4A) produced mainly small molecular weight oligosaccharides. The former pattern is derived from the I-type branched lactosaminoglycan, while the latter pattern is derived from the i-type nonbranched lactosaminoglycan, as shown previously (10, 29 released from KGla cells showed a pattern essentially identical to the i-type observed in fetal erythrocytes (Fig. 4C) , whereas those produced from KG1 cells showed a pattern basically of i-type, but with a small amount of release of higher oligosaccharides (Fig. 4D) . In contrast, a moderate amount of higher oligosaccharides was released from ML-3 and HL-60 cells and granulocytes, although the amounts of such oligosaccharides were much less compared with that from adult erythrocytes ( Fig. 4E and F) .
Immunofluorescence Study Findings. To complement the biochemical findings, an indirect immunofluorescence study using anti-i (Den) and anti-I (Ma) sera was performed, as described (11). When anti-i serum was used, KGla and KGl cells displayed some fluorescence, whereas ML-1-3 cells and HL-60 cells showed slight fluorescence. The opposite pattern was obtained when anti-I serum was used; a small population ofML-1-3 and HL-60 cells showed weak fluorescence but no staining was observed in KGla and KG1 cells.
DISCUSSION
The present study showed the characteristic glycoprotein profiles and carbohydrate structures expressed on different leukemic cell lines blocked at various stages of myeloid cell differentiation. Cell lines representing very early and later stages of differentiation and maturation were found to express different sets ofcell surface glycoproteins and different carbohydrate structures, particularly lactosaminoglycan, which is susceptible to endo-f3-galactosidase. These studies were accomplished by using a newly developed procedure, cell surface labeling followed by endo-f3-galactosidase digestion (10) (1981) tion. The result also supports the previous finding that glycophorin is expressed only in erythroid cells (11, 32) .
Another interesting point is the changes in the quantity and structure oflactosaminoglycan, which carries blood group ABH and Ii antigens (10, 29, (33) (34) (35) . The quantity of lactosaminoglycan increases in parallel with the appearance of Gpl30. The structure ofpolylactosamine showed a clear distinction between KGla and ML/HL-60 cells on the basis ofoligosaccharide profile released by endo-ft8galactosidase, which detects branched structures as recovering higher oligosaccharides (10, 29) . A virtually nonbranched polylactosamine structure is present in KGla early blast cells while a branched polylactosamine structure is present in ML/HL-60 myeloblast-promyelocyte cells. KG1 cells appear to have an intermediate structure. Thus, the quantity and the branching structures of lactosaminoglycan increase as myeloid cells mature. We have observed similar changes in erythroid cells (10) (11) (12) (13) . However, there are certain differences between granulocyte-monocyte and erythroid cell lineages. First, the majority of lactosaminoglycan molecules in erythroid cells are not sialylated, whereas lactosaminoglycan in myeloid cells is heavily sialylated (see also Fig. 1 and ref. 10) . Second, the degree ofbranching in granulocytes is far less than that in mature adult erythrocytes (compare Fig. 4B with 4 E and F). In addition, the quantity of branching appears to increase up to the promyelocytic stage but to decrease slightly during further maturation (compare Fig. 4E and F) . The former finding may be related to our recent results that the majority of gangliosides in granulocytes were of the polylactosaminyl type (lacto-series) (36) . The latter finding suggests that the highly active branching enzyme is confined to erythroid cells.
By combining the data presented here with previous studies on erythroid cells (10-13), we can summarize the changes in cell surface structure ofhuman myeloid and erythroid cells with differentiation in Fig. 5 . The result suggests that myeloid and erythroid cells change from a common cell surface structure into differentiated structures as the cells differentiate and mature. The present study also suggests that the different stages of maturation and differentiation can be characterized by specific cell surface glycoproteins and carbohydrate structures unique to each stage. It is not known yet how and when monocytes and granulocytes show different cell surface structure. It will be interesting to prepare specific monoclonal antibodies against each cell surface glycoprotein and analyze in situ differentiation of hematopoietic cells in both normal and leukemic conditions.
